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Studies on the Keeping Quality of
Butter in Cold Storage
By O. R. OVERMAN, O. F. GARRETT, and H. A. RUEHE*
INTEREST
in the changes which occur in butter during periods of
storage has arisen with attempts to keep this product in large quan-
tities from seasons of maximum to seasons of minimum production.
Investigators have made many observations of the types of change that
appear in butter during storage and of conditions which might be
correlated with them. The influence of air, light, temperature of
storage, acidity of the cream at time of churning, ferments and
enzymes, salt, metals as catalytic oxidizing agents, and organic com-
pounds as inhibitors of oxidation have all been studied.
The purpose of this investigation was to study butters of differing
quality and from differently treated creams during extended periods
of storage at customary storage temperatures, in order to determine
the influence of various factors upon the keeping quality of butter,
and especially to determine whether correlation exists between the
keeping quality of butter and the results obtained by a laboratory
examination of the fat.
REVIEW OF LITERATURE
Influence of Light and Air. One of the early investigators, Pat-
rick,
45* found that butter showed evidence of deterioration at the end
of five months' storage in a cellar where the temperature ranged from
46 to 66 F. Von Klecki62
*
observed that butter must be kept away
from direct sunlight and at low temperature but that the activity of
bacteria caused a greater increase in acidity than did sunlight and
air. Fierz-David 12 * believed that rancidity was produced by air, light,
and water without the action of bacteria ; that unsaturated fatty acids
were split into aldehydes and acids ; and that fats containing saturated
fatty acids were oxidized to the corresponding methyl alkyl ketones.
Hanus22 * said, "Under the influence of air and light the saponification
equivalent and the acid number of the butterfat increased, the iodin
number decreased, and the Reichert-Meissl number was not materially
*O. R. OVERMAN, Associate Chief in Dairy Chemistry; O. F. GARRETT,
formerly First Assistant in Dairy Chemistry; and H. A. RUEHE, Chief in Dairy
Manufactures.
*See literature citations, Pages 68-70.
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changed." He noted that butter subjected to the action of air and light
gradually lost its yellow color, became lardy in appearance, smelled
very rancid and had a sharp, tallowy taste.
When Lidow 35 * subjected butter to artificial light, he observed a
change in color from yellow to white, accompanied by the develop-
ment of the taste and smell of tallow. Burr5 * and Siegfeld
56 * found
that butter and melted, filtered butterfat when exposed to light and
air deteriorated in a short time, lost their aroma, became white like
tallow, and assumed an unpleasant, tallowy taste and a pungent odor.
According to Reinmann,49
*
however, light is not of the importance
in causing rancidity claimed by some investigators, and according to
Jensen
28*
air is important only when accompanied by sunlight or high
temperature. Nestrelayev
38* found that butters from different parts
of the country differed in their susceptibility to light and air, that
the larger the content of unsaturated acid the greater the effect of
light and air, and that the greatest changes produced by light and air
were in the Koettstorfer number, the average molecular weight of
the nonvolatile acids, and in the iodin absorption number.
Canzoneri and Bianchini 7 * studied the rancidity of olive oil and
the oxidation of oleic acid in sunlight and air and found nonylic,
azelaic, formic and dihydroxystearic acids among the products of the
oxidation.
In experiments with dry and moist air Hyland and Lloyd27
* found
that complete oxidation is possible in dry air, whereas moist air pre-
vented oxidation of glycerids and assisted oxidation of free fatty acids.
Salkowski53 * considered that the development of rancidity in lard
and butterfat was due to the combined activity of oxygen and light,
and that it was a direct oxidation process in which the oxygen con-
sumption could be measured. He believed that the speed of the re-
action depended upon the intensity of the light and that little oxygen
was consumed in the absence of light.
In a study of the causes and prevention of tallowiness in butter,
Hunziker and Hosman26 * concluded that tallowiness is the result of
oxidation, exposure to air favors oxidation, and the action is in-
tensified by light and heat.
Studies of Enzymes and Ferments. Rogers50
* found that de-
terioration of canned butter was due to an enzyme from milk or was
produced in butter by microorganisms. On the other hand, Winckel, 65 *
Thatcher and Dahlberg, 59
* Palmer and Combs, 43
*
and Palmer and
Miller44 * concluded that enzymes and ferments had little, if any,
effect upon the deterioration of butter in storage.
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Effect of Salting. Rahn, Brown, and Smith
48*
stated that salted
butter kept better than unsalted butter above the freezing point as well
as below, whereas Kildee30
* found that unsalted butter kept better
at ioF. than did salted butter. Voss-Schrader, 63 * Buhl, 4
*
Gray and
McKay, 15
*
and Sayer, Rahn, and Farrand54
*
observed that light
salting had an advantage over heavy salting, and also that butters of
high initial quality kept better than those of lower quality.
Effect of Acidity of Cream. Anthor
1* studied the development
of rancidity in sweet- and sour-cream butter and found that sweet-
cream butter became rancid much more slowly than did that made
from sour cream. In an earlier experiment Patrick
45 * had found that
the keeping quality of sweet-cream butter was better than that of
the ripened-cream butter, altho there was no very marked difference
between the two. Lucas, Ball, Vincent, and Trout36
*
observed that
butter made from ripened cream deteriorated more rapidly during
storage than sweet-cream butter.
White, Trimble, and Wilson64
* found that butter made from cream
of
.15 to .25 percent acidity had deteriorated less after twelve months
in storage than that made from cream of .28 to .31 percent acidity.
Dyer
11* found that the development of undesirable flavors in butter
was directly proportional to the quantity of acids in the cream from
which the butter was made. Stokoe,57
*
on the other hand, stated that
the rancidity of pure fat is now generally understood to be due to a
product of hydrolysis and oxidation and that acidity is in no way a
measure of rancidity.
Oxidation Investigations. According to Kerr and Sorber,
29* the
first indication of rancidity is the presence of loosely bound or labile
oxygen.
Powick47 * examined the degradation products of oleic acid by the
use of the Kreis test and believes that epihydrin aldehyde is formed
during the atmospheric oxidation of fats and suggests a trend of re-
actions producing this result. New39
*
advances a different trend of
reactions but arrives at the same result.
Vincent61* concluded that when chemical changes occur in butter,
the glycerids of the insoluble acids are altered to a greater degree
than those of the soluble acids.
Browne3* kept butterfat in the laboratory in loosely stoppered
bottles for twenty-eight years, subjecting the samples to occasional
examination. He found a marked increase in the content of free and
volatile acids and a considerable decrease in the content of insoluble
acids. He advances the theory that the disintegration of the fats is
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primarily due to the action of active or nascent oxygen, one atom of
which is liberated for each atom absorbed at the points of unsaturation.
Much work has been done during the past few years on the
autoxidation of fats, measurement of the susceptibility of fats to
oxidation, and methods for retarding or inhibiting oxidation.
Holm 16'19 ' 24> 25* and his coworkers have devised means for measuring
the length of the induction period and the susceptibility of butterfat
to oxidation and have correlated these with the keeping quality of the
butter.
Triebold,60
*
Coe,
8* Coe and LeClerc, 9
*
Royce,
51
'
52* Henderson and
Roadhouse,23
*
and Lea31 * have studied photochemical action as it in-
fluences the oxidation of fats. Wright and Overman66
*
observed that
heat, copper, and lactic acid reduced the induction period, and that
moisture did not retard the oxidation reaction. Others26* have found
that copper alloys, as well as copper, and Fe2O3 are catalytic oxidizing
agents ; that the presence of lactose favors oxidation ; and that over-
neutralization of cream accelerates oxidation. Garrett and Overman14*
found that as the volume of oxygen absorbed by butterfat increased,
the permanganate requirement of the fat decreased.
In their investigations Mattill and his coworkers,
10
' 13> 37> 42* Gret-
tie,
20* Greenbank and Holm, 17
*
Shrewsbury and Kraybill,
55* Caldwell
and Bibbins, 6
*
Olcott,
41* and Lea32 ' 33* found that among the substances
which were found to inhibit oxidation of butterfat are napthols,
quinones, cephalin, glycin, asparagin, sodium citrate, sodium malonate,
and certain unsaturated polybasic acids such as maleic.
OUTLINE OF INVESTIGATION
General Procedure
Thirty-six butters were studied from differently treated creams.
They were taken directly from the churn and were packed in 3-pound
paraffined, parchment-lined, Sealright cartons. Eleven to twelve car-
tons were filled from each churning except for Butter 28, which had
only ten. The first sample of every lot was taken to the laboratory
for immediate examination. This was the only sample subjected to
the regular routine analysis to determine the percentages of water, fat,
casein, ash, and salt.*
The remainder of the butter sample was melted over a steam-
heated water bath and allowed to stand until the liquid fat had sep-
'Official and tentative methods of analysis of the Association of Official
Agricultural Chemists, 1925.
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arated in a clear layer. The fat was carefully decanted thru a folded
filter paper into a liter bottle with a ground-glass stopper.
The other cartons of butter were placed in storage immediately
after being packed and were kept at a temperature usually between o
and -10 F. One carton of each butter was taken from storage at
approximately regular intervals and the fat separated as described
above. The usual time intervals between the removal of consecutive
samples from storage were 6 weeks for the first six lots of butter,
and 10 weeks for the remaining thirty lots.
Most of the butters were scored frequently by a competent judge.
Examination of Fat
The butterfat in every sample of each butter was examined in the
laboratory as follows:
The index of refraction was determined with a Zeiss Butyro-refrac-
tometer. The readings were taken at about 45 C., reduced to corre-
spond to 25 C. by formula (Leach, 34
*
p. 93) and converted into
indices of refraction by referring to the table giving such conversions
(Leach,34
*
p. 91). The official Hanus method was used for the iodin
absorption number. The saponification (Koettstorfer) number, the
soluble acids, the insoluble acids (Hehner number), the free fatty
acids, and the acetyl value were determined by the official methods.
The method given in Leach34
*
(pp. 499-501) was used for the Reichert-
Meissl, Polenske, and Jensen-Kirschner numbers, except that glass
beads instead of pumice stone were used in the flasks from which
the volatile acids were distilled. Hydrogen-ion concentration of the
serum was determined using the quinhydrone method.
The mean molecular weights of the fats were computed by the
formula:
W X 6.000Mean molecular weight=
3y
in which W= weight of fat used and y = ml. of N/2 KOH used in
the saponification (Bolton, 2
*
p. 36).
The induction time and the volume of oxygen absorbed were
measured, for the first six butters, by the method used by Wright and
Overman. 66 * The apparatus used is shown in the photograph (Fig. 1)
and in the detailed diagram (Fig. 2). Before Butter 7 was started,
the apparatus was modified by the substitution of a gasometer con-
structed of sheet metal for the gas burette and a recording machine"
'Gasometer and record ;ng machine built by J. 73. Hayes, Urbana, 111.
[September,
FlG. 1. AUTOXIDATION APPARATUS
which automatically recorded elapsed time in minutes and the volume
of oxygen absorbed at 110 ml. intervals. A DeKhotinsky constant
temperature bath, in which transformer oil was the medium for trans-
fer of heat, was used thruout the investigation. The oil was heated
with Cenco knife-type units thermostatically controlled so that the tem-
perature of the fat in the oxidation flask was maintained at 105-107 C.
The oxidation flask was a 6-liter, tubulated, round-bottom pyrex
flask. The. larger opening was closed with a paraffined cork, thru
which passed a motor-driven stirrer and a glass tube with a ground-
glass stopcock to act as a vent. The cork in the smaller opening car-
ried a thermometer which extended into the fat, an oxygen inlet tube,
1938] KEEPING QUALITY OF BUTTER IN COLD STORAGE 53
FIG. 2. AUTOXIDATION APPARATUS
and a separatory funnel thru which the fat was introduced into the
flask.
The stirrer was constructed of glass and wood and was made gas-
tight by means of a mercury seal. The upper portion of the stirrer
shaft extending thru the stopper was turned from a piece of straight-
grained, well-seasoned birch. After turning, the wood was impreg-
nated with hot paraffin. Into the lower end of the wood shaft was
fitted a glass rod which extended almost to the bottom of the flask
and carried two glass vanes at its lower end.
The operation of the oxidation experiments was started by bringing
the bath to the desired temperature and replacing the air in the con-
necting tubes and the flask with oxygen from the gasometer which
had been filled previously from a cylinder of compressed oxygen.
Three hundred grams of the melted fat were introduced into the flask,
the vent was closed and the stirrer run at such speed that the fat was
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continuously splashed upon the sides of the flask. For the first six
butters the induction period was taken as the time which elapsed from
exposure of the fat to oxygen until the first visible evidence of oxygen
absorption appeared upon observation of the gas burette. The ex-
periments were continued until a considerable volume absorption had
occurred, in many cases until the rate of absorption had become ex-
tremely slow. The volumes of oxygen absorbed and the elapsed time
were read and recorded frequently during these experiments. The
induction periods for Butters 7 to 36 could not be determined because
the electrically operated recording device did not mark volume of
oxygen absorbed until the first 110 ml. had been used. For that
reason the initial period for these butters includes the induction time
and the time necessary for the absorption of the first 110 ml. of
oxygen.
History and Treatment of Creams
The treatment and churning data for the butters are given in
Table 1. Butters 1, 2, 3, and 6 were taken from four different churn-
ings at the University of Illinois creamery. The history of these
creams and the churning data were not obtained.
Butters 4 and 5 were obtained as follows: Raw cream testing
50.5 percent fat was separated from the mixed milk delivered by
several patrons to the University creamery. The milk was from an
evening milking and the following morning milking. The cream was
standardized to 40 percent fat with some of the raw skimmed milk
and was divided into two batches. The first batch (Butter 4) was
pasteurized at 142 F. for 30 minutes, cooled, and standardized to
30 percent fat by adding pasteurized, cooled, skimmed milk obtained
from the same skimming in which the cream was obtained. The
acidity of the cream after pasteurizing, cooling, and standardizing
was .11 percent. The cream was held overnight in a refrigerator
at 40 F. or lower, and churned sweet.
The second batch of raw 40-percent cream (Butter 5) was stand-
ardized to 30 percent by adding raw skimmed milk obtained in the
same skimming, and was cooled to 40 F. in ice water. The acidity
after standardizing was .11 percent. The cream was held at tem-
peratures ranging from 40 to 85 F. until it had become sour and
had developed a disagreeable odor. At that time the acidity, having
reached .68 percent, was reduced with magnesium lime suspension at
90 to 100 F. The cream was pasteurized at 142 to 145 F. for 30
minutes, cooled to 47 F., held overnight at 40 F. or lower, and
churned in a 100-pound churn.
1938} KEEPING QUALITY OF BUTTER IN COLD STORAGE 55
56 BULLETIN No. 446 [September,
Butters 7 to 30 were made from four lots of cream, each of which
was divided into six batches.
Lot 1: Butters 7 to 12. About 480 pounds of sweet cream
(.13 percent acidity) testing 42.5 percent fat were pasteurized at
145 to 150 F. for 30 minutes. The cream was cooled, divided into
six 80-pound batches, and each batch placed in a clean 10-gallon can.
Following neutralization, the cream for Butters 10, 11, and 12 was
cooled over brine coils and held in a refrigerator at 40 F.
For all butters from No. 7 to No. 33 the washing was uniform
first, 5 gallons of water for six turns of the churn, followed by 10
gallons for ten turns.
Lot 2: Butters 13 to 18. About 475 pounds of sweet cream (.11
percent acidity) testing 40.5 percent fat were pasteurized at 146 F.
for 30 minutes. The cream was cooled, divided into six equal batches
and stored in clean 10-gallon cans. Batches 13, 14, 15, and 16 were
chilled to 52 F. over brine coils and stored in a refrigerator to be
churned as sweet cream. Batches 17 and 18 were cooled to 75 F.
and stored at ordinary room temperature. Three quarts of starter were
added to Batch 17 while Batch 18 was allowed to sour spontaneously.
The copper sulfate was added to Butter 14 by sprinkling a sufficient
amount of a concentrated water solution over the butter in the churn
previous to working. Hydroquinone was added to Butter 15 by
scattering the dry compound over the butter and then working it into
the butter. For Butters 16, 17, and 18 the dry hydroquinone was
mixed with the salt and the mixture worked into the butter in the
churn.
Lot 3: Butters 19 to 24. Four hundred sixty-nine pounds of
sweet cream (.13 percent acidity) testing 41.5 percent fat were pas-
teurized at 145 F. and divided into six equal parts. Nos. 19, 21, and
22 were cooled over brine coils to 50 F. and stored to be churned as
sweet cream. Nos. 20, 23, and 24 were cooled to 75 F. and kept at
room temperature. Nos. 20 and 24 were allowed to sour spontaneously,
while starter was added to No. 23.
The butters from Nos. 22, 23, and 24 were melted, the fat separated
from the serum, and the liquid fat was filtered. The filtered fats were
stored in paraffined cartons in the same manner as the butters were
stored and were subjected to the same examination in the laboratory.
Lot 4: Butters 25 to 30. Four hundred thirty-nine pounds of
sweet cream (.11 percent acidity) testing 40 percent fat were pas-
teurized at 145 F. for 30 minutes and divided into six equal parts.
No. 25 was cooled and stored for churning while sweet. Starter
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was added to No. 26. Nos. 27, 28, 29, and 30 were allowed to sour
spontaneously at room temperature. Yeastiness developed in these
four creams.
Butter 31 was made from cream separated from the mixed milk
of Holstein cows in the University of Illinois dairy herd. Ninety-
seven pounds of cream of .12 percent acidity and 37 percent fat were
used.
Butter 32 was made from cream separated from the mixed milk
of Guernsey cows in the University dairy herd. Ninety-six pounds of
cream of .125 percent acidity and 40.5 percent fat were used.
Butter 33 was made from cream separated from the mixed milk
of the University herd. Ayrshire, Brown Swiss, Guernsey, Holstein,
and Jersey milk were all present in this mixture. Eighty-nine pounds
of cream of .125 percent acidity and 40 percent fat were used.
These three creams (Nos. 31, 32, and 33) were pasteurized at
145 F. for 30 minutes, then cooled and churned while sweet.
Butters 34, 35, and 36 were obtained from churns at local cream-
eries. The history of the creams from which these butters were made
and the treatment and churning data were not obtained.
EXPERIMENTAL RESULTS
The results of analysis of the butters for percentages of water,
fat, casein, ash, and salt are given in Table 2 (page 71).
The date of examination, the score of the butter, and the data
obtained in the examination of the fats are shown in Table 3 (pages
72-85). The acetyl value and the pH of the serum were not determined
for Butters 1 to 6.
Acidity of Cream
All the butter scores showed the usual trend during storage. The
butters churned from sweet cream scored higher and held up better
in score during storage than those churned from the same cream after
ripening with starter and reduction of the acidity. Those from
ripened cream scored higher and held up better in storage than those
made from the same cream after it was allowed to sour spontaneously
and then reduced in acidity to approximately the same value as the
ripened cream after neutralization.
Butter from cream ripened with starter to .44 percent acidity
scored higher and kept better in storage than did that from the same
cream ripened to .61 percent acidity and churned without reduction
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of the acidity, and the latter in turn showed similar advantages over
butter from cream ripened with starter to .82 percent acidity and
churned at that acidity.
Salting
Butters churned from sweet cream and salted showed only slight
differences in initial score and keeping quality from those churned
from sweet cream and not salted. These slight differences were in
favor of the unsalted butter.
The butters with highest initial scores were No. 31 churned from
sweet cream separated from fresh Holstein milk, No. 32 from sweet
cream separated from fresh Guernsey milk, and No. 33 from sweet
cream separated from fresh mixed milk from the University of
Illinois dairy herd. These three butters were not salted. Their initial
scores were respectively 93.5, 94.0, and 93.5. These three butters
scored 90 to 91 after 18 to 20 months in storage and were still salable
butters after 23 to 25 months.
Index of Refraction
No relation seems to exist between the index of refraction and
the initial quality or the keeping of butter in storage. However, those
butters made in December gave appreciably lower indices of refraction
than did those made during May to September.
lodin Absorption
The iodin absorption number showed no correlation with keeping
quality altho it appeared to be dependent upon the season of the year
in which the butters were made. Butters 1 to 30, which were made
during the months of May to September gave, for the fresh butter,
iodin absorption numbers ranging from 36.00 to 41.80, while Butters
31 to 36, which wrere made in December, gave, for the fresh butter,
numbers ranging from 30.24 to 33.16.
None of the other chemical values determined appear to bear any
discoverable relation to the keeping quality of the butters or to the time
of year in which the butter wras made.
Oxidation
Following the exposure of a butterfat to an atmosphere of oxygen
at a temperature of 105 to 107 C. the first evidence of change was
observed in the color of the fat. After some time, the length of which
varied greatly with different butterfats, the yellow color of the fat
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FIG. 3. TREND OF OXYGEN ABSORPTION FOR BUTTER 4
Butter 4 was churned from sweet cream. The results shown in Figs. 3
and 4 were obtained with the original form of absorption apparatus.
began to fade. The fading continued rather rapidly until the color
became a very light straw-yellow, and in many cases the fat became
almost completely colorless. At this point the fat had the appearance
of melted lard or tallow and had developed a very distinct tallowy odor
and taste. Very soon after the discharge of the color, absorption of
a readable volume of oxygen became evident. However, the color of
the fat in some samples of Butters 15 to 18, which contained an anti-
oxidant (hydroquinone), did not fade even on exposure of the fat to
oxygen for 50 to 70 hours.
The length of time which elapsed from initial exposure of the fat
to oxygen until the beginning of apparent volume absorption by Butters
1 to 6, or until 110 ml. of oxygen had been used for Butters 7 to 36,
varied greatly for different butters and even for samples of the same
butter after different lengths of storage time.
No consistent relation between the initial quality of the butter
or the time in storage and the induction period (or the induction
period increased by the time required for absorption of the first 110 ml.
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FIG. 4. TREND OF OXYGEN ABSORPTION FOR BUTTER 5
A portion of the same lot of cream used for Butter 4 was allowed to sour
spontaneously to .68 percent acidity. The acidity was then reduced to .20 percent
with magnesium lime.
of oxygen) could be observed. It is true that for some butters this
time interval was shorter after many months in storage, but for other
butters it was not shorter, and in some cases was even longer. Butter
14, to which .25 percent of CuSO4 had been added, showed a much
shorter time interval than did any of the other butters, while for
Butters 15 to 18 the intervals were somewhat longer for most samples,
but were very irregular in length.
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FIG. 5. TREND OF OXYGEN ABSORPTION FOR BUTTER 13
Butter 13 was churned from sweet cream.
The rates of absorption of oxygen by the butterfat samples
(Table 4, pages 86-90) were also very irregular and appeared to bear
no definite relation to the quality of the butter nor to the length of
time it was in storage. Absorption started rather slowly and pro-
ceeded at an increasing rate for a short time, the rapidity varying
greatly with the butter used. The rate soon became constant and con-
tinued so during the absorption of the major portion of the volume of
oxygen absorbed. The rate then decreased until it finally reached zero.
However, in Butters 15 to 18, which contained hydroquinone, the ab-
sorption started slowly and maintained very nearly the same rate
thruout the absorption period, except near the end, when it became
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1200 1600
TIME IN MINUTES
FIG. 6. TREND OF OXYGEN ABSORPTION FOR BUTTER 14
Butter 14 was from the same lot of cream as No. 13, but a prooxidant
(CuSO) was worked into the butter.
exceedingly slow and finally ceased entirely. For these butters the
rates of absorption, as well as the total volume of oxygen absorbed,
were decidedly less than for the other butters.
The trend of oxygen absorption for a few of the butters studied
during these investigations is indicated in Figs. 3 to 9. These graphs
show the results obtained with some of the butters most widely
different in quality. It will be noted that the oxidation record is not
given for every sample of the butter. For various reasons runs were
not made for a few of the samples or, because of laboratory difficulties,
were discontinued.
The curves for Butters 4 and 5 show the initial period extending
from the first exposure to oxygen until the beginning of absorption.
For Butters 13, 14, 15, 27, and 32, the initial period extended from
first exposure until 110 ml. of oxygen had been absorbed. The curves
extend over the period of increasing rate of absorption and part or
all of the period of constant rate of absorption (represented by the
1938]
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RUN 1
2
8-24-31
11-1-31
1-27-32
4 3-24-32
5 5-28-32
6 8-6-32
7 10-17-32
8 12-24-32
9 3-14-33
12 10-11-33
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FIG. 7. TREND OF OXYGEN ABSORPTION FOR BUTTER 15
Butter 15 was from the same lot of cream as Nos. 13 and 14, but an anti-
oxidant (hydroquinone) was worked into the butter.
rectilinear portions of the curves). For those samples which were
left in contact with the oxygen for sufficient time, the period of de-
creasing rate of absorption is shown. A few of the curves enter the
final period of no absorption of oxygen.
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FIG. 8. TREND OF OXYGEN ABSORPTION FOR BUTTER 27
This was one of the poorest butters studied. The cream was allowed to
sour spontaneously to .80 percent acidity. The acidity was then reduced to
.25 percent.
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FIG. 9. TREND OF OXYGEN ABSORPTION FOR BUTTER 32
This was one of the best butters studied. It was churned from fresh, sweet
cream separated from fresh milk. The time from milking until the butter was
made was only that required for transporting the milk from barns to creamery,
separation, pasteurization, cooling, and churning.
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SUMMARY AND CONCLUSIONS
Thirty-six butters ranging in quality from very poor to very good
were studied in an attempt to determine the influence of various
factors upon the keeping quality of butter held at customary storage
temperatures. The experiment extended over a period of five years.
A special effort was made to determine whether there was any relation
between the keeping quality of butter and the results obtained by a
laboratory examination of the fat. The butters were scored and the
first sample of each lot was analyzed for water, fat, casein, ash, and
salt. The butterfat was separated from every sample of all the butters
and was subjected to laboratory examination and to oxidation in an
atmosphere of oxygen at 105 to 107 C. From these investigations
the following conclusions and observations were made:
1. The judge's score of a butter, altho a statement of quality at
the time of scoring, does not give any indication of its keeping quality.
2. The particular chemical and physical constants determined do
not show correlation with keeping quality.
3. The induction periods and the rates of oxidation vary so ir-
regularly that there is no evidence of any relation of these to keeping
quality.
4. Butter made from sweet cream scored higher and held its score
better in storage than butter made from the same cream after ripening
with starter and partial neutralization, and the latter was correspond-
ingly better than butter made from the same cream after spontaneous
souring and neutralization to the same percentage of acidity.
5. Different neutralizers used to reduce the acidity of separate lots
of the same cream to approximately the same percentage of acidity
did not affect the initial score or the keeping in storage.
6. Butter from cream ripened with starter to .44 percent acidity
and churned without neutralization scored higher and held its score
better in storage than did butter from the same cream after it was
ripened with starter to .61 percent acidity and churned without neu-
tralization. The latter was correspondingly better than butter churned
from the same cream without neutralization after ripening with starter
to .82 percent acidity.
7. Overneutralization of cream produced a butter with low initial
score and poor keeping quality.
8. Butter churned from sweet cream and salted scored slightly
higher but lost score more rapidly than unsalted butter from the same
cream.
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9. The butters which were given the highest initial scores and
held their scores best of all those studied in these investigations were
churned from fresh sweet cream separated from fresh sweet whole
milk. These butters (Nos. 31, 32, and 33) were not salted and were of
salable quality after about two years in storage.
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Tables 2 to 4
TABLE 2. ANALYSES OF BUTTER SAMPLES*
Sample
No.
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS OF THIRTY- Six BUTTERS
(Butters 1 to 6)
Date
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TABLE 3B. OXIDATION DATA FOR THIRTY-SIX BUTTERS
(Butters 1 to 6)
Induc-
tion
period,
minutes
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS Continued
(Butters 7 to 11)
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TABLE 3B. OXIDATION DATA Continued
(Butters 7 to 11)
Time in minutes (including induction period) to absorption of millilitera of oxygen indicated
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS Continued
(Butters 12 to 16)
Date
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TABLE 3B. OXIDATION DATA Continued
(Butters 12 to 16)
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS-
(Butters 17 to 21)
[September,
-Continued
Date
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TABLE 3B. OXIDATION DATA Continued
(Butters 17 to 21)
Time in minutes (including induction period) to absorption of milliliters of oxygen indicated
80 BULLETIN No. 446
V
[September,
TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS Continued
(Butters 22 to 27)
Date
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TABLE 3B. OXIDATION DATA Continued
(Butters 22 to 27)
Time in minutes (including induction period) to absorption of milliliters of oxygen indicated
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS-
(Butters 28 to 32)
[September,
-Continued
Date
Index of
Score refrac-
tion
lodin
No.
Sapon.
No.
Sol.
acids
Insol.
acids
R.-M.
No.
Pol.
No.
J.-K.
No.
fattv
Acety1% value
Mean
molecu-
lar
weight
of fat
BUTTER 28
(1) 9-14-31
1938} KEEPING QUALITY OF BUTTER IN COLD STORAGE 83
TABLE 3B. OXIDATION DATA Continued
(Butters 28 to 32)
Time in minutes (including induction period) to absorption of milliliters of oxygen indicated
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TABLE 3A. PHYSICAL AND CHEMICAL CONSTANTS-
(Butters 33 to 36)
[September,
-Concluded
Date
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TABLE 3B. OXIDATION DATA Concluded
(Butters 33 to 36)
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TABLE 4. RATES OF OXYGEN ABSORPTION BY THE FATS OF THE THIRTY-SIX BUTTERS
Date of
removal
from
storage
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TABLE 4. RATES OF OXYGEN ABSORPTION Continued
Date of
removal
from
storage
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TABLE 4. RATES OF OXYGEN ABSORPTION Continued
Date of
removal
from
storage
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TABLE 4. RATES OF OXYGEN ABSORPTION Continued
Date of
removal
from
storage
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TABLE 4. RATES OF OXYGEN ABSORPTION Concluded
Date of
removal
from
storage
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